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Thermophysical Properties of Gen3 Molten Chlorides

* Melting point
* Liquid-state heat capacity
* Vapor pressure
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Melting Point Measurement with DSC

* Main challenge — The ternary salt is
NOT expected to have a simple
solid-to-liquid phase transition e —

Most likely, melting starts with a
first-order phase transition (i.e.,
discontinuity in the first derivative
of G) where a latent heat is 60
involved
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* Easier to detect the eutectic or
solidus with a DSC

Next, melting may complete witha
higher-order phase transition (i.e.,
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of G) TIK

* Much harder to detect the
liguidus with a DSC
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DTA scan of 80BaS/20Cu,S (mol%) [2]

[1] C. Stinn, K. Nose, T. Okabe, and A. Allanore, “Experimentally Determined Phase Diagram for the Barium Sulfide-Copper(l) SOLAR ENERGY .

Sulfide System Above 873 K (600 °C),” Metall. Mater. Trans. B Process Metall. Mater. Process. Sci., vol. 48, no. 6, pp. 2922— EESCT:FE:S&ESOPEFS,C;
2929, 2017



Eutectic Temp. and Composition —
Thermodynamic Calculation

* Educated guess by FactSage thermodynamic calculation
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Eutectic Temp. and Composition — DSC Results

* Liquidus at certain composition is easier to detect than at other
compositions
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Eutectic Temp. and Composition — DSC Results
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Thermophysical Properties of Gen3 Molten Chlorides

* Melting point
* Liquid-state heat capacity
* Vapor pressure
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Heat Capacity Measurement with DSC

* Practical challenge | — Salt creeping

* Pt crucible was found to cause easier creeping. Graphite crucible was
found to have least creeping.
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Heat Capacity Measurement with DSC

* Practical challenge Il = DSC crucible quality

Bubbling/delamination of graphite crucible will cause
inconsistent heat transfer during measurement. Regular
inspection is needed.
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Heat Capacity Measurement with DSC

* Practical challenge 1l — Reproducibility of sample/crucible
position

* |deally, the reference and
sample crucibles need to stay
at the exact same position
across all runs.

* Crucible positioning using
automatic sampling armis
preferred over manual
positioning.
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Liquid Heat Capacity

*®712] Heat Capacities for Molten Heat Capacities for Other
Sulfides at Melting Point Liquids at Melting Point
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All are higher than Dulong-Petit 3R limit on a per-mole-of-atoms basis.

Simple calculation predicts 10.152R (Cp/R = 4.27) or 1.071 J/g K heat
capacity for Gen3 chloride composition.

[2] Zhao, Y. (2018). Engineering Design Criteria for High Temperature Thermoelectric Generators TSE%E'@BOGEIE“SE)?F?CYE .

Based on Molten Compounds. Doctoral Thesis. Massachusetts Institute of Technology. U.S. Department Of Energy



Heat Capacity Measurement with DSC
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Remaining unknowns — decreasing trend of Cp?
Instrument contributions?
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[3] X. Wang, J. Del Rincon, P. Li, Y. Zhao, and J. Vidal, “Thermophysical Properties Experimentally Tested for SOLAR ENERGY
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Concentrated Solar Power Systems,” J. Sol. Energy Eng., vol. 143, no. 4, pp. 1-8, 2021



Thermophysical Properties of Gen3 Molten Chlorides

* Melting point
* Liquid-state heat capacity
* Vapor pressure
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Vapor Pressure Measurements

* Practical challenge — removing effect from contaminations

Effect of Contaminations [4]
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Vapor Pressure Measurements

* Challenge Il — Identifying real gaseous species in the vapor
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Vapor Pressure Measurements

* Challenge Il — Identifying real gaseous species in the vapor

* We still don’t know what is responsible for the significantly
higher vapor pressure.

Water vapor? Oxide contaminant?

Complicated vapor species? Polymeric gaseous molecules in alkali halide vapor
have been reported over 60 years ago (e.g., Na,Cl, dimers [5])

* What technique(s) can be used?

FTIR? Is salt vapor transparent to IR like solid salts? Any reference data?
Mass spectroscopy? How do salt vapor molecules ionize?

Cold trap followed by analysis of the solids? How to ensure rapid quench to
avoid possible phase transitions?

* NREL is currently planning a Molten Chloride Salt Research Tank project led by Dr.
Craig Turchi that could potentially provide some insights
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Thank you
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